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(54) TREATMENT OF WASTE THERMOSETTING PLASTIC 

(57)Abstract: 

PROBLEM TO BE SOLVED: To recycle thermosetting waste plastic by treating the 
waste thermosetting plastics with super-critical or sub-critical water to convert 
them to recyclable and valuable substances as monomers, oil, gas and the like. 
SOLUTION: The thermosetting waste plastics as epoxy resin, phenolic resin, urea 
resin, melamine resin and the like are smashed and crushed, classified and 
recovered. The classified resin is hydrolyzed with water under the super- critical or 
sub-critical conditions and converted to monomers, oils, gasses and the like and 
they are reused. The amount of gasification is monitored as an indicator of the 
decomposition of the plastics and the detection is fed back to the decomposition 
conditions to increase the yield of the objective substance. Thus, thermosetting 
plastics can be converted to monomers, oils, gasses and the like and they can be 
used again. In another case, these gasses and oils can be used to heat the water for 
decomposition. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not 
reflect the original precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The thermosetting waste plastic art which changes into a monomer, an oil, 
gas, etc. and is characterized by reusing in the art for recycling a thermosetting 
waste plastic by hydrolyzing said thermosetting waste plastic in the water of 
supercritical or a subcritical state. 

[Claim 2] The thermosetting waste plastic art characterized by supplying said 
thermosetting waste plastic after [ an epoxy resin, phenol resin, a urea-resin, 
melamine resin, an unsaturated polyester resin, and alkyd resin ] adding water 
including a kind at least in claim 1. 

[Claim 3] The thermosetting waste plastic art characterized by controlling said 
hydrolysis reaction by detecting the amount of said gas obtained in claim 1 by 
hydrolyzing said thermosetting waste plastic in the water of supercritical or a 
subcritical state, and changing temperature and a pressure with the value. 
[Claim 4] The thermosetting waste plastic art characterized by adding oxygen or air 
and oxidizing said thermosetting waste plastic partially in claim 1 in case said 
thermosetting waste plastic is hydrolyzed in the water of supercritical or a 
subcritical state. 

[Claim 5] The thermosetting waste plastic art characterized by dissociating and 
collecting by hydrolyzing said thermosetting mixing waste plastic in the water of a 
supercritical condition, and making inorganic substances, such as said filler and a 
pigment, sediment underwater in the thermosetting waste plastic art for recycling 
the thermosetting mixing waste plastic containing iporganic substances, such as a 
filler and a pigment. 

[Claim 6] In the thermosetting waste plastic art for recycling the thermosetting 
mixing waste plastic containing inorganic substances, such, as a filler and a pigment 
While hydrolyzing said thermosetting mixing waste plastic in a supercritical field 
using the reactor which has two phases of the supercritical field containing the 
water of a supercritical condition, and the temperature field below the critical point 
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The thermosetting waste plastic art characterized by separating inorganic 
substances, such as said filler and a pigment, and collecting said separated inorganic 
substances in the temperature field below said critical point. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the thermosetting waste plastic art 
which changes into reusable valuables a thermosetting used waste plastic or the 
thermosetting waste plastic produced from a waste industrial product like a 
monomer, an oil. and gas. 
[0002] 

[Description of the Prior Art] The technique which recycles used plastics and the 
plastics collected by grinding [ crushing ] and sorting out a waste industrial product 
is developed. However, about recycle, the material recycle again used as plastics is 
main. However, a commercial scene, quality, and the point of a price to a rate of 
recycling is only about 10%. About the plastics which cannot carry out material 
recycle, there is no approach of processing in addition to reclamation or incineration. 
[0003] About recycle of plastics, decomposition has former mainly been carried out 
for easy thermoplastics. However, it is necessary to build a recycle system also 
about recycle of the thermosetting plastic which occupies about 13% of a plastics 
volume (Heisei 7). If thermosetting plastic is heated, in order to harden by the 
polycondensation reaction, in the thermal decomposition method, oiUzation is said 
to be difficult. 

[0004] The approach of on the other hand hydrolyzing or pyrolyzing, using 
supercritical water (water more than 374 degrees C and the critical point of 22Mpa) 
or subcritical water as a new approach of plastics is tried (JP,5-31000,A). However, 
at this quotation, it is only targetting a cellulose, wood, a lignin. a chitin, chitosan, silk, 
nylon, polyester, polyurethane, polystyrene, polyethylene, and polypropylene as 
nature or a synthetic high polymer, and there is no publication about the 
thermosetting plastic (an epoxy resin, phenol resin, a urea-resin, melamine resin, an 
unsaturated polyester resin, alkyd resin) which is this invention object. 
[0005] 

[Problem(s) to be Solved by the Invention] This invention aims at establishing the 
system which changes into reusable valuables used thermosetting plastic and the 
thermosetting waste plastic collected by grinding [ crushing ] and sorting out a 
waste industrial product like a monomer, an oil. and gas, and recycles it with 
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supercritical water or subcritical water. 
[0006] 

[Means for Solving the Problem] As a result of doing research and development 
wholeheartedly, this invention is produced about the approach of changing into a 
recyclable gestalt with supercritical water or subcritical water about thermosetting 
plastic, in order to solve the above-mentioned technical problem. 
[0007] That is, target plastics was processed by underwater [ of supercritical or a 
subcritical state ]. Target plastics is thermosetting plastics of an epoxy resin, phenol 
resin, a urea-resin, melamine resin, an unsaturated polyester resin, and alkyd resin, 
and has the complicated three-dimensional structure. Since it is considered by 
temperature and the pressure for decomposition conditions to differ from a 
decomposition product when processing plastics with supercritical water or 
subcritical water, it is temperature [ of 300-600 degrees C ], and pressure 85- 
300kg/cm2G. Each plastics was processed and conditions considered the effect of 
the temperature exerted on cracking severity and a decomposition product. With the 
usual batch testing device, plastics 3-8 is filled up with a weight ratio to water 100, 
and they are 600 degrees C and 300kg/cm2G. The cracking severity (cracking 
severity searched for from weight reduction) when processing for 30 minutes had 
the epoxy resin as most expensive as 99%. and phenol resin showed the lowest value 
at 45%. Each plastics other than these showed the cracking severity of 45 - 99% of 
within the limits. At this time, even if it cools after reaction termination, a pressure 
does not return even to an atmospheric pressure, but it is thought that plastics was 
decomposed even into gas. 

[0008] At 300 degrees C, although the decomposition reaction did not advance, any 
plastics was found by decomposing any plastics by 360 degrees C of a subcritical 
state, although there was a difference of extent. Moreover, the oil was accepted in 
360-400 degrees C, and a part of plastics was changed into the oil. Thus, it has 
checked that all the above-mentioned plastics decomposed with the water of 
supercritical or a subcritical state. Moreover, when analysis of an oil or water was 
carried out, it became clear that a part of plastics is converted into the monomer or 
the monomer analog. 

[0009] An epoxy resin is explained to an example. 400 degrees C and 300kg/cm2G 
When it was made to react for 30 minutes, the oil droplet was sedimenting in the 
water after a reaction. Analysis of this detected the bisphenol which is a monomer 
at the time of epoxy resin manufacture, and the propanediol which is a part of 
structural unit of an epoxy resin. Moreover, the phenol and isopropyi phenol which 
are the hydrolysis object of a bisphenol were begun, and the compound produced as 
a result of decomposition progressing further like methoxy styrene, an acetone, and 
a hydroxy acetone was also accepted. The allyl alcohol and dimethyl dioxane which 
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are considered to be a product from a propanediol were also detected. About gas 
constituents, the hydrocarbon of low molecular weight which decomposition 
advanced and generated further, a ketone, alcohol, the carboxylic acid, the carbon 
monoxide, etc. were detected. 

[0010] Thus, it became clear that thermosetting plastic decomposes by underwater 
[ of supercritical or a subcritical state ]. and can convert into a monomer, an oil, and 
gas. Moreover, it also became clear that cracking severity and a monomer, an oil, 
and the reaction selectivity to gas change with reaction conditions. For example, if 
reaction temperature is too high, a gasification reaction will be promoted, and if low. 
cracking severity will fall. If the class of target plastics and the presentation are 
clear, it is possible to process by the optimal reaction condition for which it asked 
beforehand, since [ however, ] the presentation of trash is changed by the product, 
the season, time amount, etc. — a presentation — it is unknown in most cases. 
Then, the technique of going in quest of the optimal reaction condition is required, 
advancing processing. As the approach, it considered controlling generation capacity 
as a parameter. That is, feedback control of the reaction temperature was carried 
out so that the capacity generated to a plastics input based on a reaction 
progressing that I hear too much when there is much capacity, being, a reaction not 
advancing enough when there is little capacity, but saying [ that cracking severity is 
low ] might be maintained to the specified quantity. Consequently, the reaction 
temperature at the time of control was understood that processing on the 
conditions for which were suitable is possible, even if it became a value near optimal 
plastics processing temperature and changed the plastics presentation. 
[001 1] After decomposing plastics by underwater [ of supercritical or a subcritical 
state ], the residue which becomes a decomposition product, undecomposed residue, 
and a list from inorganic substances, such as a filler and a pigment, is discharged, in 
the condition of having been contained in water. Since control of a pressure is 
usually performed by the dwelling valve, if a part for a solid-state is not removed in 
front of a dwelling valve at least, lock out of a valve will arise. For that purpose, a 
filter is usually installed before a dwelling valve, and a solid-state is separated. 
However, there is a problem that the count of a back wash of a filter increases [ a 
filler etc. ] to an abundant ** rare ** case. Then, examination was advanced about 
the approach of carrying out separation recovery of the part for a solid-state 
efficiently. Since specific gravity was larger than the indifferent water, the filler and 
the pigment attached the cooling section which cools the water of the supercritical 
which came out of the reactor, or a subcritical state, and the solid-state separation 
container which makes water pile up between dwelling valves, and made the filler and 
the pigment sediment in the meantime. By this, separation recovery of parts for 
most solid-state was able to be carried out. 
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[0012] Based on the same idea, temperature distribution were prepared in the coil, 
the upper part was set as the supercritical condition, the lower part was set as the 
temperature below the critical point, and the reactor which can catch a piart for a 
solid-state to underwater [ below the lower critical point ] was produced. 
Consequently, solid-state separation recovery ability almost equivalent to the 
above-mentioned solid-state separation container was able to be obtained. 
[0013] What is necessary is to use the separation approach properly suitably and 
just to apply the existing various approaches with a presentation, although 
separation of each component is needed in order to reuse a product. Moreover, 
purification of a product is also required if needed. The existing approach is 
applicable also about purification. 

[0014] The approach of heating water with an electric furnace etc. from the exterior 
as a heat source for carrying out a temperature up to the above near the critical 
point, and the approach of putting in a fuel and an oxidizer into water and burning 
are possible. In the latter, the possibility of using as a fuel the gas which is the 
decomposition product of thermosetting plastic was also examined. Consequently, 
when there was the amount of oxidizers to a fuel more than the equivalent, 
combustion began from about 200 degrees C, and it has checked that temperature 
rose in proportion to gas concentration. The heating value supplied from the outside 
can be covered with the product from plastics for reduction or the whole quantity by 
this, and energy consumption can be reduced. 

[0015] Moreover, when decomposing plastics by underwater [ of supercritical or a 
subcrltical state ], adding oxygen or air as an oxidizer below the complete oxidation 
equivalent and carrying out partial oxidation to a hydrolysis reaction and coincidence, 
the carbon monoxide etc. generated so much and it became clear that it is possible 
to make the amount of recovery as gas increase. This approach is suitable in aiming 
at gas recovery. 

[0016] In underwater [ of supercritical or a subcritical state ], thermosetting plastic 
reacts with water and is disassembled (hydrolysis). That is, it combines with the part 
from which the chemical bond of plastics was cut bywater and H and OH were cut. 
There are what is easy to be cut according to the class of association, and a thing 
which is hard to be cut, and the parts cut by the reaction condition differ. What is 
necessary is to raise temperature and just to fully advance a reaction to make it 
react on mild conditions to collect as a monomer with large molecular weight, and 
collect gas with small molecular weight. About a setup of a reaction condition, when 
aimed at what has a not clear presentation like trash, a reaction condition cannot be 
set up in advance. Then, the amount of gasification can be made into the index of a 
plastics decomposition reaction. If there is much gasification, many association will 
be cut and it will be said that the recovery as a monomer or an oil is low. On the 
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other hand, if there are few amounts of gasification, only association which is easy 
to be cut will be cut and the rate of monomer-izing will improve. Therefore, if the 
amount of gasification is detected and it feeds back to a reaction condition, the 
target matter is recoverable at high rate. 

[0017] There is the approach of raising the temperature of water with the heat of 
combustion by the reaction of a fuel and an oxidizer as an approach of carrying out 
the temperature up of the water to supercritical or a subcritical state. If a 
temperature up is carried out using as a fuel combustible material, such as gas 
which decomposed and generated plastics by underwater [ of supercritical or a 
subcritical state ]. or an oil. a part or the whole quantity of a new fuel will become 
unnecessary, and energy efficiency will improve. As an oxidizer, although oxygen or 
air is desirable from the field of cost, a hydrogen peroxide may be used. 
[0018] It is indispensable to remove solid-state residue like the filler of plastics or a 
pigment from the system of reaction. A lot of residue will occur in the case of the 
plastics strengthened especially with the inorganic fiber. In generating so much, 
when a filter separates, a lifting and a back wash are needed in blinding between 
short time. If the cooling section which cools the water of the supercritical which 
came out of the reactor, or a subcritical state, and the solid-state separation 
container which makes water pile up between dwelling valves are prepared, in water, 
residue will sediment according to a specific gravity difference, and it will become 
disengageable. Thereby, extensive processing is attained. 

[0019] Although there is an approach of pulverizing (for example, frozen crushing) 
and supplying as it is or the approach of mixing with water, making the shape of a 
slurry or sherbet, and supplying in case plastics is introduced into a reactor, it is 
desirable to supply as water-plastics mixture from an airtight point. 
[0020] 

[Embodiment of the Invention] The example of this invention is explained below. 
[0021] (Example 1) The system shown in drawing 1 was produced using the tubular 
reactor. Tubing with a bore [ of 5.5mm ] and a die length of 770mm (die length from 
a plastics feed zone to a condensator) made from SUS316 was used for the reactor 
1. although not indicated in drawing — a reactor — an electric furnace — attaching 
— )}c3fc^:)c — predetermined temperature — a temperature up — it can maintain now. 
The waste plastic-water slurry of 10 % of the weight of plastics contents was 
pressed fit in the reactor with the pump, and plastics was made to decompose by 
underwater [ of supercritical or a subcritical state ]. The condensator 2 is attached 
in the outlet from the reactor, and after temperature falls, it has the structure where 
a gas is separated by the gas eliminator 3 and a solid-state is separated by the 
solid-state eliminator 4. 

[0022] (Example 2) The fiowmeter which detects the capacity discharged from a gas 



8 



jp.A-1 1-140224 



eliminator like an example 1 is attached, and it enabled it to change the temperature 
and the pressure of a reactor based on a quantity of gas flow. A system is shown in 
drawing 2 . With [ a quantity of gas flow ] the set point [ beyond ], the temperature 
or the pressure of a reactor 1 is reduced, and with the set point [ below ], 
temperature or a pressure is raised. Operation which makes recovery of a monomer 
and an oil the optimal by this was possible. 

[0023] (Example 3) Although it was the same as that of an example 1 fundamentally, 
before introducing a waste plastic into a reactor, the heat recovery section 5 was 
formed, and it was made the structure which collects the heat of the fluid which 
came out of the reactor, and can be used for a tiemperature up. A system is shown 
in drawing 3 . A solid-state eliminator is formed before the heat recovery section, 
and it enables it to mainly have separated the solid-state of the diameter of a large 
drop. The structure of a solid-state eliminator is shown in drawing 4 . 
[0024] (Example 4) Like an example 1, a heater 6 can be installed in front of a 
reactor, a part of gas discharged from water and a gas eliminator in front of a heater 
and oxygen (or air) can be supplied, and a waste plastic-water slurry can be supplied 
to a heater outlet. A system is shown in drawing 5 . The amount introduced into a 
heater among the gas discharged from a gas eliminator is controlled by temperature 
of a reactor. That is, the amount introduced into a heater is increased, and when 
high, you make it decrease, in being lower than predetermined temperature. This 
maintained reactor temperature to predetermined temperature. 

(Example 5) In this example, a reactor has temperature distribution and it considered 
as 2 phase structures which the upper part can maintain in the supercritical 
condition and the lower part can maintain to the temperature below the critical point. 
The structure of a reactor is shown in drawing 6 . Residue when a waste plastic 
decomposes by underwater [ of a supercritical condition ] can move to the 
temperature field below the critical point of the reactor lower part, and can extract 
residue from a reactor pars basilaris ossis occipitalis. 
[0025] 

[Effect of the Invention] According to this invention, since thermosetting plastic is 
convertible into a monomer, an oil, gas, etc.. it can collect and reuse can be aimed at. 
Moreover, since gas or an oil can be used for the temperature up of water, energy 
high rate improves. The inorganic substances which remain as residue and which are 
contained in plastics can be separated and collected efficiently. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] Drawing showing one example of the waste plastic recycle system of 
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this invention. 

[Drawing 2] Drawing showing the temperature control approach of a reactor. 
[Drawing 3] Drawing showing heat recovery and arrangement of a solid-state 
eliminator. 

[Drawing 4] Drawing showing the structure of a solid-state eliminator. 

[Drawing 5] Drawing showing one example of the waste plastic recycle system of 

this invention. 

[Drawing 6] Drawing showing the structure of 2 phase reactor. 
[Description of Notations] 

1 [ — A solid-state eliminator, 5 / — The heat recovery section. 6 / — Heater. ] 

A reactor, 2 — A condensator. 3 — A gas eliminator, 4 

DRAWINGS 

[Drawing 1] 




[Drawing 2] 




[Drawing 3] 
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[Drawing 5] 
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[Drawing 6] 
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